With conditions for lighting design changing it is becoming important to consider what to do in rooms where there is no particular visual task. The current European standard for lighting in work places gives a number of requirements for room lighting, the most onerous being the requirement for cylindrical illuminance. Mean room surface exitance (MRSE) has been put forward as a metric that is a good predictor of perceived adequacy of illumination. The paper examines the consequences of adopting a proposed MRSE target of 100 lumens per square metre in two sizes of room with a variety of surface reflectances and lit by a regular array of light sources with a range of light distributions. The paper concludes that significant extra luminous flux will be required to meet the new MRSE target and that light distributions with a significant upward component will also be needed.
Introduction
BS EN 12461-1 1 provides the basis of much of the lighting design in the UK. However, often designers only refer to the schedule of task illuminances given in section 5 of the standard and do not consider the other provisions of the document.
In many working environments the visual tasks have become easier over the past decade or so. This is particularly true of offices where self luminous screens are now the most common visual task; laser printed documents also being very common. Moreover, the lighting for many buildings is specified and installed long before the user of the building has worked out where any visual tasks will take place. The current inappropriate practice for such situations is to provide light to a notional working plane at an illuminance that corresponds to the illuminance for the most demanding visual task that might be carried out in the space. The net result is that it is very often the case that too much light is given to visual tasks and very often the light for tasks is spread across an entire room, rather than just being provided where it is needed. Thus, in an age where we are being encouraged to reduce energy consumption it makes much more sense to provide fixed lighting in a room to meet the minimum room lighting, and then provide localised task lighting for any particular tasks. This gives rise to the question: what are the minimum room lighting requirements? Cuttle 2 has argued that perceived adequacy of illuminance is a key criteria for any well-lit room. He has related that to the mean room surface exitance (MRSE) of room. Cuttle suggests that an MRSE value of 100 lux is required for an acceptably bright appearance for a room. BS EN 12464-1 1 has number of requirements that relate to the whole room. They are
Average wall illuminance to be 50 lux (75 lux in offices, education, health care and general areas of entrance, corridors, stairs, etc.)
Average ceiling illuminance to be 30 lux (50 lux in offices, education, health care and general areas of entrance, corridors, stairs, etc.)
Mean cylindrical illuminance at head height to be 50 lux where visual communication is less important and 150 lux where it is important.
Modelling is defined by the ratio of cylindrical illuminance to horizontal illuminance at a given point. It is recommended that this ratio should be in the range 0.3 to 0.6 if a regular array of light sources is used.
BS EN 12464-1 1 also gives guidance on the range of room reflectances that may be used. Table 1 gives the recommended ranges of surface reflectance.
If MRSE is to be adopted in standards and codes it is necessary to understand how its use will impact on lighting design and in particular what changes it is likely to bring in the total amount of luminous flux used in a room, the distribution of light and the room surface reflectances. Moreover, it is necessary to understand if a MRSE value of 100 lux can be achieved without significantly increasing the total luminous flux required to light a given room. This paper explores the relationships between these parameters in two different room sizes; each with a range of surface reflectances and with a range of luminaire light distributions.
Methodology
The objective in establishing this methodology is to develop a comparison method that will work in a number of generic situations, rather than to select actual conditions found in a given room where standard conditions have been used.
Room dimensions
Two room sizes were studied; one with room index 2 and the other with room index 4. Some of the calculation methods used were based on those set out in EN 13032-2, 3 which are defined for rooms where the length of the room is 1.6 times the width. The dimensions of the rooms are given in Table 2 . Note that in the calculation of room index the height between floor and ceiling used as the concept of a working plane is not being employed.
Surface reflectances
In order to fully exploit the calculation methods set out in EN 13032-2 in this study, the values of surface reflectance used for the calculation of utilisation factors were used in this study. Table 3 gives the values of surface reflectance used in this study. Note that the methods used in this study may be extended to any combination of room reflectances, but, it would be necessary to calculate new transfer factors for each new combination of reluctances using the method given by Raynham and Bean. 4 
Luminaires
For this study to have value it is necessary to examine the results achieved with a wide range of luminaires. A system giving standardised light distributions was needed. The 10 light distributions of the British Zonal (BZ) system were adopted for this study. The BZ system was introduced by the Illuminating Engineering Society (IES), the precursor to the current Society of Light and Lighting, in the IES Code in 1961. The system describes the distribution from a luminaire as a function of the elevation multiplied by a normalising constant so that the total luminous flux emitted by each nominal luminaire is 1000 lumens. By definition BZ distributions have only a downward light output. However, in this study it was necessary to consider the impact of an upward component of light output. As it was taken that the luminaires were all ceiling mounted it was assumed that any upward luminous flux went directly to the ceiling, so upward luminous flux can simply be modelled by a reduction in downward luminous flux distributed to the walls and floor and with an increase in the luminous flux arriving at the ceiling.
The luminaires were assumed to be mounted in a regular array on the ceiling of the room and spaced according to the spacing-to-height ratio (SHR). Table 4 gives the function and normalisation factor for each of the 10 BZ distributions together with the maximum spacing to height ratio for each distribution. Note that the SHR given in Table 4 was calculated using the method set out in the National Annex to BS EN 13032-2 3 and Chapter 12 of the SLL Code for Lighting.
5 Figure 1 is a polar plot of some of the BZ distributions.
Calculation of the illuminance, luminance
and exitance of the room surfaces Using the utilisation factor method set out in EN 13032-2 and using the extra sets of transfer factors from Raynham and Bean, 4 it is possible to calculate the utilisation factors for each of the room surfaces. It is therefore possible to calculate the illuminance on each of the room surfaces by multiplying the nominal luminous flux from the luminaires by the utilisation factor and dividing by the area of the surface in question. The exitance of the surface may be calculated by multiplying the illuminance on the surface by the reflectance of the surface. The surfaces are assumed to have matte finishes so that the surface luminance is the same in all directions, hence the luminance of the surface may be calculated by dividing the exitance by pi. where p is the maximum distance between grid points and d is the longer dimension of the room. A border of 0.5 m around the edge of the room is excluded from the calculation. Table 5 gives the number and disposition of points used.
The calculation of cylindrical illuminance uses the formula given in equation (2)
where E cyl is the cylindrical illuminance at a point that is due to luminous intensity I from a luminaire that is distance D away from the point being illuminated and that subtends an angle to the vertical at the point. The process of calculating the direct cylindrical illuminance from the light sources is relatively easy. The indirect part of the cylindrical illuminance calculation is more complex. It is necessary to divide the room surfaces up into small sections so that it becomes possible to treat each element of the surface as a point source. The calculation then proceeds by evaluating the projected area of the surface towards the point where the illuminance is being evaluated, then the luminous intensity is given by the surface luminance multiplied by the projected area. The calculations can be simplified as they only have to be done once for each room surface with a nominal surface luminance, then the final value can be obtained by multiplying by the ratio of actual to nominal surface luminances. The situation is also simplified as the point at which the cylindrical illuminance is being calculated is equidistant from floor and ceiling, so the relative contribution from the floor is the same as that of the ceiling. Tables 6-8 give the utilisation factors for the floor, walls and ceiling in the space with room index 2. Tables 9-11 give the utilisation factors for the floor, walls and ceiling in the space with room index 4.
Results

Utilisation factors
For any given total luminous flux leaving the light sources using Tables 6-11, it is possible to calculate the illuminance on each of the room surfaces and the exitance of each of the surfaces, and therefore the MRSE. Tables 12 and 13 give the MRSE values per 1000 installed lumens for room index 2 and 4, respectively.
Direct cylindrical illuminance
The cylindrical illuminance at each grid point, 1.2 m above the floor, was calculated at Table 14 .
Indirect cylindrical illuminance
Indirect cylindrical illuminance at the grid points due to light leaving the ceiling, floor and the walls was calculated for the condition where the surface radiating light had a uniform luminance of 1 cd m -2 . The average indirect cylindrical illuminance for the two sizes of room for the walls and the floor/ ceiling are given in Table 15 .
Overall cylindrical illuminance
Based on the calculations for direct cylindrical illuminance and indirect cylindrical illuminance, coupled with the utilisation factors on the room surfaces, the overall cylindrical illuminance was calculated based on 1000 installed lumens in each room. Tables 16 and 17 give the value of overall cylindrical illuminance for rooms with room index 2 and 4, respectively.
Analysis and discussion
The results from the calculations give a basis for the comparison of the impacts of different possible metrics that may be used for the specification. Consider a room that is to be used as an office, from EN 12464-1 1 it would be expected to have cylindrical illuminance of 150 lux and an average illuminance on the walls and ceiling of 75 lux and 50 lux, respectively. It also could be argued that it should have a mean room surface exitance of 100 lux. So it makes sense to think about how much luminaire luminous flux is required in each room in order to achieve these objectives. Tables 18 and 19 give the required total luminous flux in the room to achieve the cylindrical illuminance target.
It was also found that when the cylindrical illuminance target was achieved that in all cases the ceiling illuminance target was achieved and in the majority of cases the wall illuminance target was achieved. However, it was found that the total luminous flux needed to achieve the MRSE target was greater in all cases. Tables 20 and 21 give the required luminous flux in the room to achieve the MRSE target.
The total luminaire luminous flux to achieve the required value of MRSE is very high. However, the light distributions do not put any luminous flux directly onto the ceiling, generally the most reflective surface in the room, and so are not efficient at creating MRSE. The logical solution is to use a light distribution with an upward component, however, the upward luminous flux comes at the expense of downward luminous flux and so the direct component of cylindrical illuminance will reduce and hence it will take a greater total luminous flux in the room to achieve the cylindrical illuminance target. The calculations using upward luminous flux do not require any knowledge of the upward distribution of the luminaires as it can be assumed that all upward luminous flux will go directly to the ceiling and thus, the distribution factor to the ceiling can be set to the upward flux fraction of the luminaires and the distribution factors to the walls and ceiling can be scaled so that they add up to the downward light output ratio; direct calculation results are also scaled to reflect the reduced downward luminous flux. Recalculated utilisation factors are then used in the calculations of cylindrical illuminance and MRSE. Figure 2 shows the change in required total luminous flux with changing upward flux fraction ratio for the room that has a room index of 2 with one set of room surface reflection factors. For all luminous flux distributions the luminous flux to achieve the MRSE target decreases as the upward flux fraction increases, whilst the luminous flux need to meet the cylindrical illuminance target increases. If both targets have to be met then the optimum amount of upward luminous flux is found where the two lines cross.
Using this approach it is possible to calculate the optimum amount of upward luminous flux for each luminous flux distribution, room size and combination of room surface reflection factors. Tables 22 and 23 give the optimum values for the upward flux fraction. Note that in the room with room index 4 at the lowest set of reflectances the luminous flux required to deliver the cylindrical illuminance is always lower than the luminous flux needed for MRSE.
Using the optimum upward flux fraction it is possible to calculate the minimum total flux needed to achieve the MRSE and cylindrical illuminance targets, Tables 24 and 25 give these values. Tables 26 and 27 give the relative increase in luminous flux required if an MRSE value of 100 lux is required, compared to the current situation where the luminous flux requirement is based on supplying a cylindrical illuminance of 150 lux.
Conclusion
This paper has reviewed the current and proposed metrics for illumination in a room where no defined visual task is present for a set of light distributions.
Of the current requirements in EN 12464-1, 1 it clear that the cylindrical illuminance is the most onerous. The proposed metric of MRSE was studied and it was found that with no upward light a significant increase in the total amount of luminous flux was needed to achieve a value of 100 lux as compared to the luminous flux required to give a cylindrical illuminance of 150 lux. It was also found that by adding an upward component to the luminous flux distribution the MRSE value could be achieved with a lower total luminous flux. However, distributions with upward luminous flux increased the amount of luminous flux needed to meet the cylindrical illuminance target. It is thus necessary to find an optimum upward flux ratio to calculate minimum total luminous flux to meet both cylindrical illuminance and MRSE targets. In all cases considered the addition of the MRSE target increased the total luminous flux needed.
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